This study compared the ability of the Zeus ® multifunctional anaesthesia system to control haemodynamic response to surgical stimulation in semi-closed (SCA) or closed circuit anaesthesia (CCA) modes. Fifty patients undergoing gynaecological surgery were randomly assigned to SCA or CCA. Anaesthesia was induced with 2 mg propofol and 0.9 mg/kg rocuronium, intravenously, and maintained using sevoflurane (minimum alveolar concentration [MAC], 1.0) using 2 l/min oxygen plus 2 l/min nitrous oxide (SCA 4 l/min group) or 50% oxygen plus 50% nitrous oxide (CCA group). An increase in mean arterial pressure (MAP) > 20% above baseline in response to surgical stimulation provoked a stepwise increase in sevoflurane (1.3 MAC and then 1.6 MAC), followed by fentanyl 1 µg/kg intravenously (rescue drug). The time required for MAP to return to within 10% of baseline was significantly shorter in the CCA group (6.4 ± 3.6 min) compared with the SCA 4 l/min group (10.2 ± 6.0 min). The percentage of patients requiring fentanyl was significantly greater in the SCA 4 l/min group than in the CCA group. In conclusion, CCA controlled acute haemodynamic responses to surgical stimuli more successfully and rapidly than SCA 4 l/min, using a multifunctional anaesthesia machine.
Introduction
There has been a revival of interest in lowflow and closed circuit anaesthesia (CCA) in anaesthetic practice. 1 These techniques have economic advantages over semi-closed circuit anaesthesia (SCA) and reduce operation room contamination, 2,3 but are associated with a discrepancy between the delivered and alveolar concentrations of inhalation anaesthetics, which might impair the ability to control acute haemodynamic responses to surgical stimulation. 4, 5 The Zeus ® anaesthetic machine (Dräger Medical, Lübeck, Germany) is a Haemodynamic control using multifunctional anaesthesia multifunctional system with administration modes for inhalational anaesthetics and fresh gas flow (FGF), plus ventilation modes for CCA and SCA. 6 In contrast to traditional anaesthetic systems that bypass flow into a vaporizer, the Zeus ® anaesthetic machine has the advantage that anaesthetics and FGF are feedback-controlled by administering inhaled agents using a vaporizer that delivers volatile anaesthetics directly into the breathing circuit. 7 The objective of the present study was to compare the ability to control the acute haemodynamic response resulting from surgical stimulation when using the Zeus ® multifunctional anaesthesia system in SCA or CCA modes with sevoflurane. 
Patients and methods PATIENTS

STUDY DESIGN
Patients were randomly assigned to one of two groups using a computer-generated randomization number table prior to the induction of anaesthesia. In one group, SCA with 2 l/min oxygen plus 2 l/min nitrous oxide was administered (SCA 4 l/min group); the other group received CCA with 50% oxygen plus 50% nitrous oxide (CCA group).
ANAESTHESIA PROTOCOL
All patients were pre-medicated with 0.2 mg glycopyrrolate intramuscularly 1 h before anaesthesia. The standard parameters of non-invasive blood pressure, heart rate, pulse oximetry and train-of-four stimulation were measured in the pre-operative area.
The Zeus ® , an automated CCA machine, was used in all patients. Sevoflurane was delivered using an anaesthetic vaporizer providing direct injection of volatile agents (DIVA). Prior to the study, the soda lime was renewed and oxygen was flushed through the apparatus three times per minute for 5 min to ensure denitrogenation. Patient demographic data (gender, age, weight and height) were entered into the machine, which then automatically calculated the minimal alveolar concentration (MAC) of sevoflurane required.
After pre-oxygenation consisting of three deep breaths of 8 l/min oxygen, all patients received 2 mg/kg propofol and 0.9 mg/kg rocuronium intravenously to facilitate endotracheal intubation. After intubation, anaesthesia was maintained using 2.0% sevoflurane (Sevorane ® ; Abbott, Maidenhead, UK): in the SCA 4 l/min group, the vaporizer dial setting of 2.0% was used with 2 l/min nitrous oxide and 2 l/min oxygen; in the CCA group, end-tidal sevoflurane 2.0% was targeted by the autocontrol mode setting with 50% nitrous oxide and 50% oxygen.
Before skin incision, all patients were maintained at 1.0 MAC of sevoflurane concentration with 50% nitrous oxide and 50% oxygen for at least 10 min. The endtidal sevoflurane concentration during the maintenance of 1 MAC was recorded. Ventilation was controlled at a tidal volume SU Choi, HW Shin, HI Jung et al. Haemodynamic control using multifunctional anaesthesia of 7 -10 ml/kg and the ventilation rate was adjusted to maintain end-tidal carbon dioxide of around 30 -35 mmHg.
CONTROL OF HAEMODYNAMIC RESPONSE
Mean arterial pressure (MAP) and heart rate (HR) were measured non-invasively at 1 min intervals; pre-induction, immediately after intubation, baseline, maximal and posttreatment values were recorded. The baseline value was defined as the mean of two measurements during the maintenance of 1 MAC sevoflurane before skin incision. The maximal values were defined as those at a MAP 20% above baseline after surgical stimulation, and post-treatment values were defined as those where the MAP had fallen to within 10% of baseline after stepwise treatment trials.
A positive haemodynamic response during the period of skin incision and other surgical stimuli was defined as a MAP increase of 20% above the baseline value. Acute increases in MAP were treated by increasing sevoflurane to 1.3 MAC, to return the MAP value to within 10% of the baseline values; in the SCA 4 l/min group this was achieved by increasing the vaporizer setting by 1% and in the CCA group by increasing the automode setting end-tidal concentration by 1% (step 1, Table 1 ). If the MAP value remained increased (20% above baseline) after 5 min, a second increase to 1.6 MAC sevoflurane was performed (step 2, Table 1 ). Patients who did not respond to these two successive incremental increases in the anaesthetic concentration were given 1 µg/kg fentanyl, intravenous bolus, as rescue medication (step 3, Table 1 ). End-tidal sevoflurane concentration, MAP, HR and the time required to return the MAP value to within 10% of baseline were recorded by the same observer who was blinded to the patient's study group.
STATISTICAL ANALYSES
All data were expressed as mean ± SD. Statistical analyses were performed using the SPSS ® statistical package, version 14.0 (SPSS Inc., Chicago, IL, USA) for Windows ® . Differences within groups were analysed using repeated measures of analysis of variance and post hoc comparisons were performed using Dunnett's test. Differences between groups were analysed using the Mann-Whitney U-test. Categorical variables were analysed using the χ 2 -test or Fisher's 
Results
Fifty female patients (age range 25 -55 years) scheduled for gynaecological elective surgery were enrolled in the study and randomized to one of the two groups. One patient in the CCA group was excluded during the course of the study due to high blood pressure presenting before anaesthetic induction; data from this patient were not included in the final analysis. No significant differences were found between the two groups with respect to age, height, weight or ASA physical status ( Table  2) . End-tidal sevoflurane concentrations at 1 MAC maintenance were also similar in both groups ( Table 2) .
When the depth of anaesthesia was controlled by increasing the concentration of sevoflurane, a higher percentage of patients in the CCA group were haemodynamically controlled in step 1 compared with the SCA 4 l/min group (Table 3 ). In addition, a significantly lower percentage of patients in the CCA group required rescue medication compared with the SCA 4 l/min group, and the time required to return MAP values to within 10% of baseline was significantly shorter in the CCA group compared with the SCA 4 l/min group (P < 0.05; Table 3 ).
There were no significant between-group differences in MAP or HR at the five specific observation points (Fig. 1) . Compared with the pre-induction value, MAP was significantly increased immediately after intubation and at maximal value, but significantly decreased at baseline and posttreatment in both groups, whereas the HR was significantly increased immediately after intubation and at baseline in both groups (P < 0.05, all comparisons). Compared with the baseline value, the MAP was significantly increased at maximal value and post-treatment, but HR did not differ significantly from baseline in either group (P < 0.05, both comparisons; Fig. 1 ). Data are mean ± SD or number of patients. None of the comparisons between the two groups was statistically significant (P > 0.05). ASA, American Society of Anesthesiologists; MAC, minimum alveolar concentration. 
SCA 4 l/min group
Discussion
In contrast to the traditionally held view of the abilities of anaesthetic circuit modes such as SCA and CCA to provide haemodynamic control, 4, 5 in the present clinical study CCA seemed to provide more rapid and reliable control of the acute haemodynamic responses to surgical stimulation than SCA 4 l/min, when using a multifunctional anaesthesia machine. A significantly higher percentage of patients in the SCA 4 l/min group required rescue treatment with fentanyl, compared with the CCA group, after failing to achieve haemodynamic control with two consecutive increases in sevoflurane concentration.
If FGF is lower than minute ventilation during SCA, rebreathed gases containing exhaled anaesthetic -remaining after the absorption of inhalation anaesthetics into the lung -will mix with the FGF containing fresh anaesthetic from the vaporizer. This causes a discrepancy between the inspired and alveolar concentrations. 4, 5 Thus, inhalation anaesthetics require a higher FGF to achieve rapid control of the acute haemodynamic response during surgery. When using a classical out-of-circle vaporizer, fast adjustment of inhalation anaesthetics is achieved by increasing the FGF to give a possible overshoot in inhaled agent concentrations and increased consumption. 9, 10 In a multifunctional anaesthetic system such as Zeus ® , which has an in-circle injection system, fast adjustment of the target inhalational anaesthetic concentration is achieved by DIVA. 11 In an artificial lung model study, Struys et al. 6 measured the time to reach 0.9 MAC using SCA 1 l/min, SCA 6 l/min and CCA modes with a sevoflurane 2.0% vaporizer or target end-tidal setting. The time to reach 0.9 MAC was fastest using the SCA 6 l/min mode (76 ± 5 s), but was quicker using the CCA mode than the SCA 1 l/min mode (122 ± 6 s versus 228 ± 15 s); the time was also influenced by the applied FGF. 6 The end-tidal sevoflurane concentration was not measured at steps 1 and 2 of haemodynamic control in the present study. The time required to control the increase in MAP occurring in response to surgical stimulation was, however, significantly shorter in the CCA group compared with the SCA 4 l/min group (6.4 ± 3.6 min versus 10.2 ± 6.0 min).
The Zeus ® anaesthesia machine offers MAP, mean arterial pressure. Haemodynamic control using multifunctional anaesthesia various anaesthetic modes by altering the method of anaesthetic administration and ventilation. In fresh gas control mode, also known as SCA, the user sets a fresh gas endtidal concentration and the anaesthetic is mixed with FGF before being administered into the breathing system. In this mode, the agent dosage performance is equivalent to that of a conventional vaporizer. In contrast, in auto-control uptake mode, also known as CCA, the anaesthetic is dispensed into the breathing system by a DIVA vaporizer, independent of the FGF settings. 6, 7 In CCA mode, both inhalational anaesthetics and FGF are controlled by a computerized closedloop feedback system, and the user can directly set the target end-tidal concentrations of the inhalational anaesthetics. 11 In addition, DIVA makes it possible for rapid washing in and out, rapid control of the expiratory anaesthetic agent, minimal consumption of inhalation anaesthetics and automatic calculation of consumption dose. 12, 13 In the past, when using classical CCA with an out-of-circle vaporizer, it was impossible to deliver target anaesthetic concentrations within a reasonable time. 4, 5 As DIVA with an in-circle vaporizer is totally independent of FGF, rapid changes in concentrations are possible, even in CCA. 6, 14 In a previous study using a Zeus ® anaesthetic machine with SCA 2 l/min, SCA 4 l/min or CCA during desflurane anaesthesia, 15 anaesthetic consumption and haemodynamic and recovery profiles were compared. The consumption of desflurane was decreased and the time to reach the MAC required to block the adrenergic response to painful stimulus (4.6% end-tidal desflurane) was shorter in the CCA group, compared with the SCA 4 l/min and SCA 2 l/min groups. The consumption dose of sevoflurane required to control the haemodynamic response in the two groups was not measured in the present study.
In SCA, the haemodynamic response is controlled by the initial wash-in and high uptake with high FGF, with frequent vaporizer and rotameter adjustment. 10, 16 In anaesthetic practice, the 'overpressure' technique is often used for rapid haemodynamic control with SCA. The control of MAP may be easier with this technique, but it requires considerable clinical experience: the administration of very high concentrations of inhalation anaesthetics may lead to hypotension and iatrogenic cardiovascular collapse. When using CCA with the Zeus ® anaesthetic system, the anaesthesiologist becomes merely a supervisor, setting values for inspired oxygen and target values for the anaesthetic agent, while the machine performs all other functions via the feedback-controlled system.
In conclusion, classical CCA causes a discrepancy between the delivered and inspired fractions of inhaled gases with a very low FGF, which may impair control of the haemodynamic response to surgical stimulation. CCA with the Zeus ® anaesthetic machine reached the target sevoflurane concentration more rapidly than SCA 4 l/min and provided faster haemodynamic control via the feedback-controlled system and DIVA.
